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ABSTRACT OF THE DISCLOSURE 

A single sideband mixer for radio frequency signals is integrated on a uniform 
semiconductor substrate in a space-saving manner. The inventive single sideband mixer comprises 
two double-sideband mixers which are switched with identical first signals and with phase 
quadrature second signals in order to form a product signal from the two signals. The single 
sideband mixer also comprises an adder for superimposing the two product signals to form an output 
signal with a sideband. An amplifier is connected in an input circuit to each mixer in order to 
generate the first signal, and the amplifiers have inputs which are connected to the same signal 
source via a forked line. The signal source of the amplifiers can be a pre-amplifier or can be an input 
of the single sideband mixer directly. 



PROPOSED NEW CLAIMS 

9. A single sideband mixer circuit for high frequency signals, comprising: two 
double sideband mixers each being wired with identical first signals and with second signals phase- 
shifted by 90° relative to each other, in order to form a product signal from the first and second 
signals of each mixer; an adder for superimposing the product signal from each mixer to form an 
output signal with one sideband; and two amplifiers for generating the first signals, each amplifier 
being connected upstream of each mixer, the amplifiers having inputs connected to a same signal 
source via a forked line. 

10. The single sideband mixer circuit according to claim 9, wherein the signal 
source is a preamplifier. 

1 1 . The single sideband mixer circuit according to claim 9, wherein each first 
signal is a radio frequency signal, and wherein each second signal is a local oscillator signal, and 
further comprising a first 90° coupler connected to a local oscillator input of the single sideband 
mixer circuit to generate the second signals. 

12. The single sideband mixer circuit according to claim 9, wherein the signal 
source is a signal input of the single sideband mixer circuit. 

13. The single sideband mixer circuit according to claim 12, wherein each first 
signal is a local oscillator signal, and wherein each second signal is an intermediate frequency signal, 
and further comprising a first 90° coupler connected to an intermediate frequency input of the single 
sideband mixer circuit to generate the second signals. 



14. The single sideband mixer circuit according to claim 9, and further comprising 
a final amplifier for the product signal arranged between an output of each double sideband mixer 
and the adder. 

15. The single sideband mixer circuit according to claim 9, wherein each double 
sideband mixer, each amplifier, and the adder are integrated on a single semiconductor substrate. 

16. The single sideband mixer circuit according to claim 1 1, wherein the adder 
is a second 90° coupler. 
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Single Sideba nd Mixer 

The invention concerns a single sideband mixer for high frequency signals. Such mixers are 
used in high frequency technology to generate a lower frequency signal (intermediate frequency, 
IF) from a higher frequency signal (radial frequency, RF) (down-converter or demodulator) or to 
generate a higher frequency signal from a lower frequency signal (up-converter or modulator). 
The IF signal is produced in the down-converter by mixing of the RF signal with the LO signal 
la (local oscillator, LO). The RF signal is produced in the up-converter by mixing of the IF signal 
tl with the LO signal. Simple multiplication of an input signal (RF or IF) with the LO signal 
l M produces output signals with two sidebands shifted into the IF or RF range. A single sideband 
Hi mixer produces only one of these two sidebands in the output signal. It is produced by 
W - appropriate connection of two individual double sideband mixers, hereinafter referred to simply 
Q as mixers. Their function can be understood as a multiplication of their two input signals. 

11 Single sideband mixers for high frequency signals are known, comprising two mixers, each of 
fij which is wired with identical first signals and with second signals phase-shifted by 90° relative 
to each other, in order to form a product signal from the two signals, and an adder element to 
superimpose the two product signals to an output signal with only one sideband. A typical such 
demodulator is shown in Fig. 3. The RF signal here is fed from an input 4 via one or more 
amplifiers 1 and a 0° power divider, for example, a so-called Wilkinson divider, to two mixers 3. 
A 90° coupler 6 connected to a local oscillator input 5 delivers local oscillator signals, each 
phase-shifted by 90°, to the corresponding inputs of mixer 3. Intermediate frequency signals, 
phase-shifted by 90°, with both sidebands are obtained at the outputs of the mixer because of 
this. These are referred to as in-phase (IF/I) or quadrature-phase signals (IF/Q). These two 
intermediate frequency signals are combined or superimposed via a second 90° coupler 7 and 
produce the output intermediate frequency signal. Owing to phase-shifted feed of the local 
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oscillator signal to the two mixers, an in-phase and anti-phase signal are superimposed by the 
two sidebands of the in-phase branch and the quadrature branch behind the second 90° coupler 7. 
Two output signals, each of which contains only one of the two sidebands, are obtained at the 
two output terminals of the second 90° coupler 7. One of these terminals forms an output 
terminal 8 of the single sideband mixer; the other output is terminated with the wave impedance, 
in order to suppress interference signals and noise at the location of the undesired sideband 
(image frequency). 

The power divider 2 of this ordinary single sideband mixer is required in order to decouple the 
in-phase branch and the quadrature branch of the single sideband mixer, i.e., to prevent the two 
mixers 3 from mutually influencing each other via their RF inputs. This type of power divider 2 
^ includes coupled lines with a length of XI A, in which X is the wavelength of the radio frequency 
□ in the line. At technically relevant frequencies, this length corresponds to at least 1 mm. The 
[jZ power divider is therefore a very extensive part in comparison with the other components of the 
circuit, which is only poorly suited, for cost reasons, for integration on a common semiconductor 
ty substrate, together with the amplifiers, mixers or other components of the single sideband mixer. 
^ ,. It is therefore used in the form of a discrete component, whose output terminals are connected to 
*j! the conductor tracks leading to the mixers 3 via bond wires. To obtain good suppression of the 
m undesired sideband at the output of the single sideband mixer, the signal travel times in the two 
branches must be adjusted to each other with micrometer accuracy, in order to guarantee that the 
product signals of the two mixers arrive at the second 90° couple 7 in the proper phase position. 
This can only be guaranteed with difficulty with the wire bonding technique. 

Advantages of the Invention 

A single sideband mixer for high frequency signals of the type defined at the outset is devised by 
the invention, which is readily suited for complete integration on a semiconductor substrate. 
This advantage is achieved in that an amplifier is connected upline of each mixer, and that these 
amplifiers have inputs connected to the same signal source via a forked line. The blocking 
power divider can drop out in this circuit topology, since the amplifiers already guarantee 
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sufficient decoupling of two branches of the single sideband mixer, in which they block out 
interference signals issued by the mixers at their input line. 

The signal source from which the amplifiers receive their input signal can be a common 
preamplifier connected at one input. In this case, the first signal is preferably an RF signal and 
the second signal a LO signal, and a first 90° coupler to generate the second signal is connected 
to an LO input of the signal sideband mixer. 

The signal source can also be a signal input of the single sideband mixer. In this case, for 
example, the first signal can be a LO signal and the second signal an IF signal, and a first 90° 
coupler to generate the second signals is connected to an IF input of the sideband mixer. 

)2 Additional features and advantages of the invention are apparent from the following description, 
□ with reference to the figures. 



- 3 

W 



In the figures 



m Figure 1 shows a down-converter as first practical example of the invention; 

ry 

fU Figure 2 shows an up-converter as second practical example; and 

: :: :: 

: W 

Figure 3, which was already described above, shows an ordinary single sideband mixer. 

The down-converter depicted in Figure 1 is fully integrated on a semiconductor substrate made 
of gallium arsenide. It includes a preamplifier 9 connected to a radio frequency (RF) input 4, 
whose output is connected via a single forked line 11 to two amplifiers 1, each of which pertain 
to an in-phase branch and quadrature branch of the single sideband mixer. These amplifiers 1 
are based on fast field effect transistors, whose space requirements, on a semiconductor substrate 
at about 100 x 200 jam, are much smaller than those of a power divider. Since the amplifiers and 
preamplifiers are integrated on a common substrate, bond connections drop out, so that the line 
lengths between the preamplifier 9 and amplifiers 1, on the one hand, and between the amplifiers 
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1 and the mixers 3 connected to their outputs can be stipulated with an accuracy of a few 
micrometers without difficulty during production. Although the in-phase and quadrature branch 
of the single sideband mixer each contain one more component than in the ordinary single 
sideband mixer, it is simpler in the single sideband mixer according to Figure 1 to maintain a 
desired phase ratio between the signals on the two branches during production. 

The mixers 3 connected to the outputs of amplifier 1 also have an input for a local oscillator 
signal, which they obtain, each phase-shifted by 90°, from a 90° phase coupler 6, to which the 
local oscillator signal is again fed via an input 5 from the outside. A second input of coupler 6 is 
terminated with the wave impedance. 

^ The two mixers 3 each deliver an in-phase or quadrature intermediate frequency signal to the 
S3 inputs of the second 90° coupler 7, one output of which forms the intermediate frequency output 
u3 of the single sideband mixer, and a second output is terminated with the wave impedance. 

m 

The 90° couplers 6 and 7 can each be integrated on the gallium arsenide substrate as hybrid 
Q elements. 

ry 

rll Figure 2 shows application of the principle of the present invention to an up-converter. This 
nj single sideband mixer is also integrated on a single semiconductor substrate. The inputs of the 

two amplifiers 1 are connected via a simple forked line 11 to an input 5 for a local oscillator 

signal. 

The intermediate frequency signal to be mixed with the local oscillator is fed from an input 4 via 
a 90° coupler 6 to the two mixers 4, each phase-shifted by 90°. The two mixers 3 generate radio 
frequency signals with two sidebands from it. These radio frequency signals with two sidebands 
are again fed to a 90° mixer 7, which superimposes them to two radio frequency signals, each 
with one sideband, that are delivered at the outputs 8 A, 8B. 
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The use of two amplifiers 1 in this up-converter also permits a power divider to be dispensed 
with and therefore integration of the entire single sideband mixer on a single semiconductor 
substrate. 

The linearity of the RF path to the mixer outputs is improved by additional amplifiers 10 in front 
of the 90° coupler 7. 
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Claims 



1. Single sideband mixer for high frequency signals with two double sideband mixers (3), each 
of which are wired with identical first signals and with second signals phase-shifted by 90° 
relative to each other, in order to form a product signal from the two signals, and an adder 
element (7) to superimpose the two product signals to an output signal with one sideband, 
characterized by the fact that an amplifier (1) to generate the first signal is connected upline of 
each mixer (3), and that the amplifiers (1) have inputs connected to the same signal source (5, 9) 
via a forked line (11). 



2. Single sideband mixer according to Claim 1, characterized by the fact that the signal source is 

}k:S5S 

q a preamplifier (9). 

w 

; ; ; Q 3. Single sideband mixer according to Claim 2, characterized by the fact that the first signal is a 
ry radio frequency signal and the second signal a local oscillator signal, and that a first 90° coupler 
^ (6) is connected to a local oscillator input (5) of the single sideband mixer to generate the second 
Q signals. 

::?jss 

j y 

^ 4. Single side band mixer according to Claim 1, characterized by the fact that the signal source is 

Q 

fU a signal input (5) of the single sideband mixer. 



5. Single sideband mixer according to Claim 4, characterized by the fact that the first signal is a 
local oscillator signal and the second signal an intermediate frequency signal, and that a first 90° 
coupler (6) is connected to an intermediate frequency input (4) of the single sideband mixer to 
generate the second signals. 



6. Single sideband mixer according to one of the preceding claims, characterized by the fact that 
a final amplifier (10) for the product signal is arranged between the output of the double 
sideband mixer (3) and the adder element (7). 
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7. Single sideband mixer according to one of the preceding claims, characterized by the fact that 
the double sideband mixer (3), the amplifier (1), the adder element (7) and optionally the 
preamplifier (9), the first 90° coupler (6) or the final amplifier (10) are integrated on a single 
semiconductor substrate. 

8. Single sideband mixer according to one of the preceding claims, characterized by the fact that 
the adder element is a second 90° coupler (7). 
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;pj54) Title: SINGLE SIDEBAND MIXER 

U54) Bezeichnung: EINSEITENBANDMISCHER 

l|57) Abstract 

The invention relates to a single sideband mixer for radio frequency signals which can be integrated on a uniform semiconductor 
substrate in a space-saving manner. The inventive single sideband mixer comprises two double-sideband mixers (3) which are switched 
with identical first signals and with phase quadrature second signals in order to form a product signal from the two signals. The single 
sideband mixer also comprises an adder (7) for superimposing the two product signals to form an output signal with a sideband. An 
amplifier (1) is connected in incoming circuit to each mixer (3) in order to generate the first signal, and the amplifiers (1) have inputs which 
are connected to the same signal source via a forked line (11). The signal source of the amplifiers (1) can be a pre-amplifier (9) or can be 
an input of the single sideband mixer directly. 

(57) Zusammenfassung 

Ein zur platzsparenden Integration auf einem einheitlichen Halbleitersubstrat geeigneter Einseitenbandmischer fur Radiofrequenzsig- 
nale umfafit zwei Zweiseitenbandmischer (3), die mit identischen ersten Signalen und mit urn 90° gegeneinander phasenverschobenen 
zweiten Signalen geschaltet sind, um jeweils ein Produktsignal aus den zwei Signalen zu bilden, und ein Addierglied (7) zum (Jberiagem 
der zwei Produktsignale zu einem Ausgangssignal mit einem Seitenband. Zum Erzeugen des ersten Signals ist jedem Mischer (3) ein 
Verstarcker (1) vorgeschaltet, und die Verstarker (1) haben Uber eine gegabelte Leitung (11) mit der gleichen Signaquelle verbundene 
Eingange. Die Signalquelle der Verstarker (1) kann ein Vorverstarker (9) oder auch direkt ein Eingang des Einseitenbandmischers sein. 
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/c/o/9, 9^3 


Filing Date 




Group Art Unit 




1 Examiner Name 







As a below named Inventor, I franaby declare that 

My residence, post office address, and tifcenahip are as stated betow next to my name. 

( believe I am trta original, first and sole Inventor (if onJy one name b listed below) or an original, first and Joint inventor (if plural names are listed 
betow) of the subject matter which is claimed and far which a patent a sought on the invention entitled : 



SINGLE SIDEBAND MIXER 



the specification of which 

a is attached hereto 
OR 

[g, was fifed on (MM/DD/YYYY) 



(Title of the Invaiitot\) 



as U rifted States Application Number or PCT International 



Application Number 



/<?Z/9.<?33 



end was amended on (MM/DD/YYYY) 



(rf applicable). 



I hereby state that i have reviewed and imderstand the contents of the above identified specification, including the claims, as amended by any 
amendment specifically referred to above. 

i acioKiYitedge the duty to disclose Information which is material to patentability as defined in Title 37 Code- of Federal Regutetkms. §1.56. 



I hereby cfatm foreign priority benefits under Title 35. United States Code §1 18 (aMd) or §385(b) of any foreign application^) for patent or Enventor^ 
c*nffieate,cr§365{a)ofartyPCTln^^ 

betow and have also fcfentified below, by checking the box, any fcrajgn spplfca tkm for patent or hnv&itofn oalifica . or of any PCT international 
appifcabon having a filing data before that of the application on which priority is claimed. 



Prior Foreign Application 
Nuntber(s) 


Country 


Foreign Filing Data 
(M6WDO/YYYY) 


Priority 
Hot Claimed 


CorHflted Copy ASachsd? 
YES NO 


19921921.4 


Germany 


05.12.99 
(May 12, 19< 

(May o^i^oJ) 


□ 

□ 
□ 
□ 

□ 


□ IS 

a □ 
• □ □ 

□ a 

□ a 

□ m 



□ 

Additional foreign application numbers are feted on a owpptamial priority sheet attached hereto: 



1 hereby daim the frenefit under Trite 35, United States Code 8 119(e) of any United States provisional appfceteonCa) feted below. 



Application Wiam(bflr($} 



FfcgOafes PRfl/DD/YYYY} 



Aoatuonai provisional " 
application numbers 
ana listed on a 
supplemental priority 
shaat attached hereto. 



f^^^J^ 3 ^ ^ ^^Jl^Sl^ to ^^^der^md^upon A^comraentsc 
IS ^^^L^^^^^Jt^^ ™* ^ ^ to the Chief f nformaton Otter, Patent and Trademark office. VVa^L^r^ 

DO NOT SEM0 FEES OR COMPLETED FORMS TO THIS ADDRESS SEND TO Assist** rjorrm^sioner for Patents. Utehft^gten DC^T' 



Type a plus sign (+ ) inside this box -» | + 1 
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lh<^daimtt>abmemimderT[tia3S. United State Coda §120 of any United Sfcta appu^^ 
destonating th« UiiHed States (rf Ainerica. 

poor United States or PCT International application In the manner piovkietf by the felt paragraph of Trt»o35. United States Code §112, 1 
«ckjwwkKla« the dirty to d«ck»o information wtik* a rnatertaJ to p»tflntab(lrty ai dafowd ki Tra* 37, Code of Feoartl Reoutibon* §1.55 which 
became available between the filing date of the prior app lication and the national or PCT international filing date of the agpttcation. 



U.S. Parent Application 
Number 



PCT Parent 
Number 



Parent Filing Date 
(MMiDD/YYYY) 



Parent Patent Number 
fifwrnllcable) 



Additional U.S. or PCT International application numbers aw toted on a aupptamcntal pfkxftyir^ attached hereto. 



Aa a named inventor, I hereby appoint the foUowing *ttcmey{*) andtor aoanttt) to pnwecuto this appftcafem and to transact eJt bustooM in the Patent 
and Trademartc Office connected therewith: _____ 



| | Firm Name | 

(S3 List attomey(s) and/or a^ent(a) name and registration number beSovr. 



Number 



or label 



Name 


Ragtstntkm 


Name 


Registration 
Number 


David B. Kirschstetn, Esq. 

Alan Israel, Esq. 

Martin W. Schiffmiller, Esq. 


27^64 







| I Additional attomey(s) and/or agent(s) named on a supplemental sheet attached hereto. 
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Customs 
Number 



or tabs! 
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F3 in oonTaspondsnca 
address below 



^me mS_CHSTEIN, OTXMgER^ISMEL & SCfflFFMILLER, P.C. 



Address 489 Fifth Avenue 



Address! 

CHv \ NewYoriu- 1 State i New York _ 

Country riMted States [Telephone \ (212)697-3750 T Fax 1 (212) 9494690~ 

{ hereby dedans that all statements made hovmn of my own knowted^a are trua and (hat &M statements made on mfcmwrticn and bdkrf are bot*ev£d to 
be truo; and further that trtesa statements ware msde with the knowtedga that yrffffid false statements and tfta Ske co mada am piatithabte by fina or 
irnprtscnmant. or both, under Section 1001 of Tide 18 of the Unftsrf Stated Cctfa find »Kit auch fetee atnterrtsrrta fray ;^243p3fftfto3 Sra vwEcflty c; 
the application or any patent Issued thereon 



T~P 5 10012=6105" 



Name of Sole or First Inventor. 



Ghfan 



Inventor's 
Signature 



A petition has been tiled for this unsigned Inventor 



Hardta JL^- 



feittial 



Family 



GILL 



Suffiic 



23 November 
2001 



Backnang 



CoUSStsy 



Germany 



British 



peat Ofto Acidreoo 



Elly-Heuss-Knapp-Weg, 38/3, D-71522 Backnang, Germany 



Peat Office Addraaa 



csty Backnang 



s p D-71522 



Germany 



Authority I 
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Inventor's 
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! City 




Family GERHARD 



! Post Office Address 



I Post Offica Address 



I Ctt y 



Country 



Dsfct 



8umx 

.ft.q. Jr. 



23 November 
2001 



Germany 



CtttasnsMp 



jerman 



Heinrich Von Zuegel-Strasse 15, D-71540 Murrhardt, Germany. 



Murrhardt 
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State 






D-71540 


Country 



Germany 



Applicant 
Authority 



SZJ Stefan 



MIddte 
Intuit 



Inventor's 
Signature 
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Ctty 




n A patttionhg^ been filed for this Ufis^nad Invontor 

| Suffix 1 



li Ju! li 



KOCH 



Oppenweiler 



Post Offica Add mas 



Post Office Address 



Stat© 



Country 



|23 November 
001 



Germany 



Ctttz&fntilp 



re r man 



Am Neufeld 21, D-71570 Oppenweiler, Germany. 



1 Cfty 


Oppenweiler 


State 




Zip 


D-71570 


Country 


Germany 


Applicant 
Authority 




| Name of Additional Joint Inventor, if any: 
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Family 
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Suffix 1 



(nv«ntar J B 
Signature 



Post Offica Addrass 



Post Officii Addmss 
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trior 


Qtvanl 
Nam* \ 


NUddU 

initial 


t 


Family 
Nam* 




Suffix 1 
t>g. Jr. jj 



State 
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